Amplification is driven by the motor protein prestin, which is under anionic control. Interestingly, we now find that the major, 4-APsensitive, outward K ϩ current of the OHC (IK) is also sensitive to Cl Ϫ , although, in contrast to prestin, extracellularly. IK is inhibited by reducing extracellular Cl Ϫ levels, with a linear dependence of 0.4%/ mM. Other voltage-dependent K ϩ (Kv) channel conductances in supporting cells, such as Hensen and Deiters' cells, are not affected by reduced extracellular Cl Ϫ . To elucidate the molecular basis of this Cl Ϫ -sensitive IK, we looked at potential molecular candidates based on Cl Ϫ sensitivity and/or similarities in kinetics. For IK, we identified three different Ca 2ϩ -independent components of IK based on the time constant of inactivation: a fast, transient outward current, a rapidly activating, slowly inactivating current (Ik 1), and a slowly inactivating current (Ik2). Extracellular Cl Ϫ differentially affects these components. Because the inactivation time constants of Ik1 and Ik2 are similar to those of Kv1.5 and Kv2.1, we transiently transfected these constructs into CHO cells and found that low extracellular Cl Ϫ inhibited both channels with linear current reductions of 0.38%/mM and 0.49%/mM, respectively. We also tested heterologously expressed Slick and Slack conductances, two intracellularly Cl Ϫ -sensitive K ϩ channels, but found no extracellular Cl Ϫ sensitivity. The Cl Ϫ sensitivity of Kv2.1 and its robust expression within OHCs verified by single-cell RT-PCR indicate that these channels underlie the OHC's extracellular Cl Ϫ sensitivity.
voltage-dependent potassium ion channels; chloride; outer hair cells THE OUTER HAIR CELL (OHC) is both a receptor and an effector, possessing a distinct ensemble of membrane proteins, e.g., prestin (54) , the ␣ 9 -and ␣ 10 -nicotinic ACh receptor subunits (7, 8) , and the unidentified transduction channel (5) , which underlie these processes. Concerning the effector role of OHCs, recent studies suggest that prestin activity is highly dependent on intracellular Cl Ϫ anions (36, 38, 44, 46) . Modulating intracellular Cl Ϫ alters the motor's nonlinear charge movement (or nonlinear capacitance), thereby affecting the voltage sensitivity of OHC electromotility. The mechanism whereby anions work on prestin remains controversial; however, much evidence points to an allosteric mechanism (38, 45) , similar to the way in which Ca 2ϩ modulate the voltage sensitivity of large-conductance Ca 2ϩ -activated K ϩ (BK) channels (15, 53) .
Concerning the sensory role of the OHC, receptor potentials that drive neurotransmitter release and electromotility are subject to the shaping effects of the cell's basolateral voltagedependent membrane conductances (17) . The dominant conductances of the adult OHC are K ϩ conductances, with two types having been distinguished based on voltage dependence and pharmacological properties: a K ϩ current in OHC activated at negative potential (I K,n ) and the outward K ϩ current of the OHC (I K ) (16, 27, 42) . I K,n is half-activated at Ϫ92 mV and likely helps to set the resting membrane potential of the OHC. I K activates more positive to Ϫ40 mV. Because this voltage is depolarized sufficiently from the normal in vivo resting potential [approximately Ϫ70 mV (6)], it might be expected that only large suprathreshold receptor potentials could activate I K to shape the cell's response (12) .
Although the effects of Cl Ϫ on prestin result from intracellular interactions with the protein, we have shown that extracellular Cl Ϫ can modulate the motor via flux through a tensionand voltage-dependent Cl Ϫ conductance, termed G metL (38, 46) . Indeed, manipulation of extracellular perilymphatic Cl Ϫ was shown to reversibly and profoundly alter cochlear amplification in vivo (44) .
In our quest to study the permeation characteristics of G metL , we found that extracellular Cl Ϫ has an unusual effect on I K in OHCs. Reduction of extracellular Cl Ϫ reduces the outward current in a concentration-dependent manner. We find that this effect is due, in part, to a selective action on the inactivation kinetics of the voltage-dependent K ϩ (Kv) conductance of the OHC alone, with Kv conductances of other inner ear cells being unaffected. The growing impact of anions in the auditory periphery is remarkable.
METHODS
Tissue preparation for electrophysiology. The experiments were performed in accordance with an approved protocol from Yale University's animal use and care committee. Hartley albino guinea pigs (150 -200 g) were anesthetized with halothane, and temporal bones were excised rapidly. The top two turns of the organ of Corti were dissected and incubated for 10 -12 min with neutral protease (0.5 mg/ml; Worthington) in a nominally Ca 2ϩ -free solution containing (in mM): 140 NaCl and 5 KCl. Subsequently, the tissue was triturated with a glass pipette for ϳ1 min with the above solution plus 2 mM Ca 2ϩ . Drops of the cell suspension were transferred into a small recording chamber mounted on the stage of a Nikon inverted microscope, and cells (OHCs, Hensen cells, and Deiters' cells) were allowed to settle onto the chamber bottom.
Electrophysiological recording. Patch-clamp experiments were performed in the whole cell configuration using pipettes pulled from borosilicate glass capillaries. The pipette resistance ranged between 1.5 and 3 M⍀ and was Ͻ5-10 M⍀ after whole cell establishment. Single cell nested PCR from OHC. cDNAs from each isolated cell were synthesized as previously described (30) . Nested PCR was performed in two steps. First, 35 cycles of PCR were run (94°C for 30 s, 55°C for 1 min, 68°C for 3 min) using 5 l of each cDNA and corresponding Kv outer primers. Second, 5 l of each reaction from the first step were used for another 35 cycles of amplification using Kv inner primers. Both steps used the Expand High Fidelity PCR System (Roche, Indianapolis, IN). Fragments were analyzed on 2% agarose resolute GPG gel (American Bioanalytical, Natick, MA). To confirm the presence of a correct Kv channel, the PCR products were purified from the gel using a gel purification kit (Qiagen, Valencia, CA) and sequenced using the corresponding amplification primers by Yale's Keck sequencing facility. The primers were designed to straddle an intron of at least 1,000 bp. The primers were as follows: Kv1.5 outer, Kv1.5FOT GACACTAGC- RESULTS and DISCUS-SION), K356G mutants were generated using QuickChange II or QuickChange Lightning site-directed mutagenesis kits (Stratagene, La Jolla, CA) with rat Kv2.1 as a template. Mutations were confirmed by DNA sequencing, including the entire coding region. The following primers were used: Kv2.1K356GF: GATGAGGAC-GACACCGGGTTCAAAAGCATCCCC and Kv2.1K356GR GGGGATGCTTTTGAACCCGGTGTCGTCCTCATC.
Analysis and statistics. For current-voltage (I-V) analysis, peak currents at each test potential were measured as the difference between the maximal outward current amplitudes and the zero current level. The waveforms of the 4-AP and Cl Ϫ -sensitive currents were determined by subtraction of control currents (recorded in the absence of 4-AP and the presence of 150 mM Cl Ϫ ). The decay phases of the currents evoked during long (5.0 s) depolarizing voltage steps to test potentials from a holding potential of Ϫ80 mV were fitted by a single or the sum of two exponentials using one of the following expressions:
where t is time, 1 and2 are the time constants of decay of the inactivating IK currents, A1 and A2 are the amplitudes of the inactivating current components, and Ass is the amplitude of the steadystate, noninactivating component of the total outward current. In the manuscript, control currents refer to those obtained in the presence of 150 mM extracellular Cl Ϫ . For the steady-state inactivation curve, the current amplitude during each test pulse was normalized to maximal current (I/Imax) and plotted against the voltage during the conditioning prepulse. These data were fitted by a Boltzmann equation:
where V1/2 is the conditioning potential that gives I/Imax ϭ 0.5, Vm is the conditioning potential, and k describes the steepness of the curve. Data are reported as means Ϯ SE. Statistical significance was calculated using Student's t-test. All experiments were carried out at room temperature (22°C).
RESULTS

I K in OHCs is sensitive to 4-AP and extracellular Cl
Outward currents were recorded routinely during depolarizing voltage steps to potentials more positive than the holding potential of Ϫ40 mV ( Fig. 1 ). At this holding potential, I K,n is not further activated upon depolarization (16) , thus allowing study of I K in isolation following linear current subtractions (see DISCUSSION for details). These outward currents (I K ) did not decay appreciably during the 200-ms voltage steps, as previously observed (16, 27, 42 ). 4-AP (100 M) strongly inhibits outward I K in OHCs (Fig. 1A) . Surprisingly, however, extracellular Cl Ϫ can also modulate I K of OHCs. Switching from a high-Cl Ϫ solution to a 5 mM Cl Ϫ solution strongly inhibits the outward current (Fig. 1B) . The effect was reversible (68.5 Ϯ 16.7% reversibility, n ϭ 3). Comparison of the 100 M 4-AP and Cl Ϫ -sensitive currents indicates that they are similar in two ways: each has similar waveform and reversal potential (Ϫ70 mV). An initial perfusion of 100 M 4-AP can abolish the subsequent effects of 5 mM Cl Ϫ on I K (Fig. 1C) . These results suggest that Cl Ϫ reduction inhibited the same I K current that was specifically blocked by 4-AP. The average (n ϭ 6) doseresponse curve for extracellular Cl Ϫ on I K was not well fit by a sigmoidal Hill equation. Instead, the K ϩ current appeared linear with Cl Ϫ concentration, with a dependence of 0.4%/mM (Fig. 2) . This type of behavior may be related to actions on surface charges at the pore of channels (20) (31, 40, 41, 47) . We tested to determine whether these currents were also Cl Ϫ sensitive. Figure 3A shows the macroscopic current from a Deiters' cell. Similar to the OHC, there is a rapid activation and slow inactivation elicited by depolarized potentials. For control Cl Ϫ conditions, the peak amplitude was 2.47 Ϯ 0.35 nA at ϩ50 mV, and it was 2.33 Ϯ 0.32 nA when extracellular Cl Ϫ was reduced to 5 mM (n ϭ 3, P Ͼ 0.05). The average I-V curve indicates no significant difference between the two conditions. A similar outward current was elicited from Hensen cells (Fig. 3B) . The peak amplitude of the control was 1.41 Ϯ 0.28 nA at ϩ50 mV, and it was 1.32 Ϯ 0.25 nA with 5 mM Cl Ϫ (n ϭ 4, P Ͼ 0.05). Again, the average I-V curve indicates no differences. We conclude that the I K current of supporting cells is not sensitive to extracellular Cl Ϫ changes. Slick and slack channels are not sensitive to extracellular Cl Ϫ . The molecular identity of outward I K in the OHC is not clear. It is known that the sodium-activated K ϩ channels Slick (Slo2.1) and Slack (Slo2.2), which are prominent in brain stem auditory pathways, are sensitive to intracellular Cl Ϫ , but it is not known whether those channels are also sensitive to extracellular Cl Ϫ (2) (Kaczmarek, personal communication Figure 4A shows Slack whole cell currents. The last 50-ms average current amplitude was 2.72 Ϯ 0.79 nA at ϩ50 mV (Fig. 4Aa) . Upon changing extracellular Cl Ϫ from 150 to 5 mM, the current amplitude was 2.76 Ϯ 0.93 nA and was not different from control (n ϭ 4, P Ͼ 0.05, Fig. 4Ab ). The last 50-ms average current amplitude of Slick was 1.14 Ϯ 0.11 nA at ϩ50 mV (Fig. 4Ba) . Upon changing extracellular Cl Ϫ from 150 to 5 mM, the current amplitude was 1.17 Ϯ 0.09 nA and was not different from control (n ϭ 4, P Ͼ 0.05, Fig. 4Bb ). These results show that Slick and Slack channels are not sensitive to extracellular Cl Ϫ , indicating that they do not underlie OHC I K .
Three components in outward I K . Outward K ϩ currents in other tissues have been characterized in terms of kinetic components (52) . To further study the mechanism of inhibition by Cl Ϫ on I K of the OHC, we performed a similar analysis. Currents were elicited by a 5-s depolarizing step to a potential of ϩ40 mV from a holding potential of Ϫ80 mV. Outward K ϩ currents in all cells activated rapidly, and the decay phases of the currents were somewhat variable among cells (Table 1 and (Fig. 5A ). We used a dual exponential fit (see METHODS) for two additional populations of cells that each possessed the very fast component (I to ) and one of two additional slower second components, termed Ik 1 and Ik 2 (Fig.  5, B and C) . Thus exponential fits revealed three inactivating components with decay time constants of 78.4 Ϯ 6.3 ms (n ϭ 5), 685.4 Ϯ 61.3 ms (n ϭ 10), and 1,504.4 Ϯ 104.6 ms (n ϭ 10), corresponding to I to , Ik 1 , and Ik 2 , respectively. Of the cells studied, 14.3% had I to alone, 48.6% had I to and Ik 1 , and 37.1% had I to and Ik 2 . The variance in the second term fits of each population was quite small and validates our initial separation into two second component populations. Figure 5D plots the relative distribution of the different current components, and Table 1 summarizes the data. Subsequent experiments were focused on characterizing the Cl Ϫ sensitivity of these depolarization-activated K ϩ current components. Cl Ϫ affects components of I K in different ways. The voltage dependence of steady-state inactivation of I to was examined using depolarizing voltage steps to ϩ40 mV following 5-s conditioning prepulses to potentials between Ϫ100 and 0 mV (Fig. 6) ; the protocol is shown below the current records in Fig. 6C . Such robust inactivation of the outward I K in OHCs has never been observed before, simply because such long-duration protocols have never been used. The amplitudes of I to during each test pulse to ϩ40 mV were measured as the difference between peak outward current and the current remaining at the end of the depolarizing pulse [steady-state current (I ss )]. The amplitudes of I to evoked from each conditioning potential were then normalized to maximal current amplitudes (in the same cell). For example, in the control condition (Fig. 6A ), the amplitude of the peak current at the conditioning potential of Ϫ40 mV was 0.219 nA. When extracellular Cl Ϫ was changed from 150 to 5 mM, the amplitude was reduced to 0.059 nA (Fig. 6B) . The mean Ϯ SE normalized I to amplitudes are plotted as a function of conditioning potential in Fig. 6D ; the continuous lines represent the best Boltzmann fits to the averaged data. The steady-state inactivation data for I to in 150 mM Cl Ϫ are well described by a single Boltzmann with a V 1/2 of Ϫ50 mV. Reducing extracellular Cl Ϫ caused the inactivation curve of I to to shift to the left (Fig. 6D) , with 5 mM Cl Ϫ producing an 8-mV hyperpolarizing shift.
Because we have no specific blockers for the identified kinetic components of Ik 1 , an analysis of the two additional components was performed by fitting two exponential functions to determine the amplitude and inactivation time constant of each component, Ik 1 and Ik 2 . The effects of Cl Ϫ were analyzed with the simplified voltage protocol depicted in Figs. 7 and 8 . In Figs. 7A and 8A, depolarization-induced outward currents are depicted are similar to those of the cardiac current in atrial myocytes that activates ultrarapidly but with no inactivation (I kur ) and the delayedrectifier K ϩ current in myocytes that slowly activates and deactivates, with a single channel conductance of 3-5 pS (I k,slow ), respectively (33, 34, 52). Kv1.5 and Kv2.1 contribute to I kur and I k,slow . To determine whether these subtypes contribute to OHC I K , we transiently transfected Kv1.5 and Kv2.1 Arrows indicate test current level at prepulse potential of Ϫ40 mV. C: protocol for inactivation curve: 5-s conditioning prepulses to various potentials (from Ϫ100 to 0 mV in 10-mV increments) were followed by a 5-s test pulse to ϩ40 mV. Holding potential was Ϫ80 mV. D: mean Ϯ SE; n ϭ 4. Steady-state inactivation curves of Ito. Ito during each test pulse was normalized to maximal Ito (I/Imax) and plotted against conditioning prepulse potential. Data are fitted with a Boltzmann equation.
into CHO cells and tested the Cl Ϫ sensitivity of the channels. Control macroscopic current of Kv1.5 is depicted in Fig. 9A , where peak amplitude at ϩ50 mV is 3.65 Ϯ 0.13 nA (n ϭ 4). A switch to 5 mM extracellular Cl Ϫ reduced the current amplitude to 2.00 Ϯ 0.11 nA (Fig. 9B) . Similar results were found with Kv2.1. In the control condition (Fig. 9C) , the current amplitude is 8.52 Ϯ 1.87 nA, and it is reduced to 6.15 Ϯ 1.35 nA following the switch to 5 mM extracellular Cl Ϫ (n ϭ 3, Fig. 9D ). Similar to OHC I K , the dependence of Kv1.5 and Kv2.1 currents on extracellular Cl Ϫ was not fit well by a sigmoidal Hill equation. Linear regression fits gave 0.38%/mM (n ϭ 6) and 0.49%/mM (n ϭ 5), respectively (Fig. 9E) OHCs were isolated from different turns of the cochlea, and cDNA was made from these individual cells. Single-cell PCR amplifications were done, and the PCR products of the expected size were isolated and sequenced to confirm their identity. As shown in Fig. 10 , Kv 2.1 was present in all nine OHCs and was detected after one round of amplification. In contrast, Kv1.5, Kv4.2, and Kv4.3 required two rounds of nested PCR amplification to be detected. Taken together, these data indicate that these channels are present in OHCs, with Kv2.1 predominating, and likely are responsible for its sensitivity to extracellular Cl Ϫ . Because the Cl Ϫ dependence of these channels is linear, and such behavior may arise from charge screening effects at the mouth of channels (20), we investigated the mutation of residue K356G at the mouth of the Kv2.1 channel. This mutation has been shown to alter channel conductance by interfering with a K ϩ -selective interaction with that site (4). We speculated that Cl Ϫ might be modulating this interaction. However, no statistical difference was observed in the ability of low Cl Ϫ to reduce K ϩ currents [I K 5/150 mM Cl Ϫ : 0.521Ϯ0.089 for WT (n ϭ 8); 0.387Ϯ0.059 for K356G (n ϭ 12); P Ͼ 0.05].
DISCUSSION
There are two major voltage-dependent K ϩ currents in OHC, I K,n and I K , whose pharmacological sensitivities have been well studied (16, 27, 42) . Both conductances are largely restricted to the basal pole of the OHC (43) . Despite this wealth of knowledge, much remains to be learned about these channels; for example, we have recently shown that capsaicin can block OHC outward I K and I K,n (51). The molecular entity underlying I K,n is believed to comprise KCNQ4 subunits (3, 14, 28) . On the other hand, the molecular identity of I K has not been suggested previously. In the present work, we identify I K as a current sensitive to extracellular Cl Ϫ and utilize this sensitivity and its kinetics to hone in on its molecular identity.
Sensitivity of OHC I K to extracellular Cl Ϫ and its significance. We found that OHC I K , but neither I K of Deiters nor Hensen cells, is decreased by reduction of extracellular Cl Ϫ with a sensitivity of 0.4%/mM, indicating a significant sensitivity to Cl Ϫ change over a wide range of extracellular levels. It is not known whether physiological fluctuations of Cl Ϫ occur that could significantly modulate I K . However, it may be possible that the restricted extracellular space between the Dieters cell and OHC base, where OHC voltage-dependent conductances reside (43) , could support functionally significant fluctuations in ion concentrations, in the face of small transmembrane ion fluxes. Such a scenario is well established for intracellular compartmentalization (35) .
To estimate the Cl Ϫ concentration change made by a small flux of Cl Ϫ ions at the base of the OHC, we assessed the volume within which Cl Ϫ concentration may change from published electron microscopy descriptions (9, 22, 29, 39) . As an example, we evaluate a typical mature OHC in the apical region, which has a diameter of ϳ7 m. The distance from just above the nucleus to the bottom round end of the OHC, where most of the Kv channels concentrate (43), is ϳ13 m. This region resides in the cup formed by the Deiters' cell. An average of 15 afferent nerve terminals and 8 efferent terminals form close contact with the OHC (and with each other) through specialized synaptic structures, with a rather uniform gap of 0.04 m. This gap is similar to the reported intercellular space between the type I hair cell and its calyx ending in the vestibular system (10, 11). We assume a cylindrical OHC with hemispherical base and a Dieters' cell cup shaped like an inverted cone, whose height is 8.5 m and base diameter the same as the OHCs. Next, the minimal volume in which the Kv channels can "see" a Cl Ϫ fluctuation is the above-mentioned gap region, which is ϳ11 m 3 . If we assume the Kv channels have access to the whole cup region (no nerve ending present), then that volume is ϳ27 m 3 . Next, we estimate the Cl Ϫ flux. One typical Cl Ϫ channel with 25 pS conductance releases ϳ10 6 Cl Ϫ ions per second around resting potential (Ϫ60 mV). That translates into a 1.5 mM Cl Ϫ concentration change in the minimal volume and 0.6 mM Cl Ϫ concentration change in the maximal volume. If there are 10 Cl Ϫ channels open simultaneously for 1 s, Kv channels will see anywhere between 6 and 15 mM Cl Ϫ concentration change, which translates to 2.4 -6% change in K ϩ current magnitude. Specific ion accumulation in a very restricted space has been proposed to influence synaptic transmission, as reported recently in a very detailed work by Lim and colleagues (23) in their study of K ϩ accumulation between type I hair cells and calyx terminals in mouse crista. They found that responses to a depolarizing voltage step in embedded, but not isolated, hair cells resulted in a Ͼ40-mV shift of the K ϩ equilibrium potential and a rise in effective K ϩ concentration of Ͼ50 mM in the intercellular space. These results strengthen our predictions for extracellular Cl Ϫ fluctuation at the OHC/Deiters' cell interface.
The existence of the GABAergic efferent synapse at the basal pole, with associated conductances and transporters, could contribute to such fluctuations in local Cl Ϫ levels (25) . Although the demonstration of functional GABA effects on isolated OHCs has been variable (possibly because of inappropriate pipette Cl Ϫ levels; see Ref. 44 ), recent knockout experiments clearly establish the efferent receptor's importance (26) . Interestingly, an involvement of Cl Ϫ in the efferent response of vestibular hair cells has been proposed, and one of the suggested mechanisms was a Cl Ϫ dependence of the SK conductance known to be activated subsequent to ACh application (13) . Perhaps efferent effects in the mammalian cochlea somehow involve Cl Ϫ modulation of I K ; in this case, the voltage activation range of the conductance would indicate that effects may only occur at suprathreshold acoustic levels where large receptor potentials could activate I K (6, 12) . Such suprathreshold GABAergic effects may not be observable by standard measures of efferent activity (26) .
We have recently found that manipulations of perilymphatic Cl Ϫ can impact on prestin-dependent cochlear amplification on the basilar membrane near threshold and concluded that intracellular Cl Ϫ was being modified via the activity of G metL , an OHC lateral membrane conductance for Cl Ϫ (44). Could I K modulation have played a role in those Cl Ϫ effects? It is unlikely since, in that study, other agents, including salicylate and tributyltin (a Cl Ϫ ionophore), were effective in the presence of normal, unperturbed extracellular Cl Ϫ . Additionally, it has been shown that 4-AP, which blocks I K , does not interfere with threshold cochlear function when perfused via perilymph (18) .
Could potentially could contribute to the Cl Ϫ -sensitive K ϩ conductance that we identify. However, we think this is not the case, based on several observations. First, full rundown of Ca 2ϩ current (I Ca ), which may supply Ca 2ϩ for BK activation, likely has occurred in our cells, since this is known to happen in guinea pig OHCs whether or not ATP or GTP is included in the patch pipette (24) . Thus, given the very low intracellular Ca 2ϩ that we have intracellularly (estimated to be Ͻ1 nM) and the classic sensitivity of BK to Ca 2ϩ (1), BK cannot significantly contribute to our measured I K . Indeed, Wersinger et al. (49) , even with a very high Ca 2ϩ pipette solution, observed insignificant BK current (iberiotoxin sensitive) in apical OHC.
I K,n is a major conductance near the resting potential of OHCs and potentially could have contributed to our measures. We think not, however, based on several observations. Housley and Ashmore (16) showed that resting OHC conductance varies with the length of the cell, decreasing dramatically with increases in length; consequently, I K,n is expected to be quite small compared with I K in our long OHC population from low-frequency regions. Indeed, in this population, we previously found that I K,n is not observable in about one-half of the cells (43) . Nenov et al. (32) confirmed the above observations. Thus, we expect that relative contamination of the I K we measure by I K,n will be small. Interestingly, Wersinger et al. (49) found that linoperdine at 100 -200 M was able to substantially block outward K ϩ currents in apical OHCs and suggested that KCNQ4 channels underlie the major component of the outward I K . It must be emphasized, however, that this drug will block both Kv2. Two other factors lead us to dismiss substantial KCNQ4 contributions to our measurements. Our holding protocol at Nine individual OHC were isolated as described in the METHODS, and cDNA was synthesized using Moloney murine leukemia virus reverse transcriptase (Superscript II). A fixed amount of cDNA from these cells was then used as template for amplifying Kv channels. The PCR products were separated on a 2% agarose gel, and the products were detected by ethidium bromide staining. Kv2.1 was present in all the cells and was detected after one round of amplification (35 cycles). In contrast, Kv1.5, Kv4.2, and Kv4.3 were present in only a fraction of cells and required two rounds of nested amplification. The amplification products of each Kv channel are shown in sequence (Kv1.5, Kv2.1, Kv4.2, and Kv4.3 from top to bottom). PCR products from individual cells from turns 2-4 are aligned. We analyzed three cells from each turn. The correct PCR product is indicated by an arrow and was confirmed by sequencing. Also shown are the negative controls and 1-kb markers (lanes 10 and 11,  respectively) . To identify other molecular candidates of channels contributing to OHC I K , we characterized the differing temporal components of I K , as has been done previously (52) . The distinct inactivation time constants of Ik 1 and Ik 2 are similar to those of I kur and I k,slow found in cardiac myocytes (33, 34, 52) , and it is believed that Kv1.5 and Kv2.1 contribute to I kur and I k,slow . Our experiments revealed that these two channels, when expressed in CHO cells, have extracellular Cl Ϫ sensitivity similar to that in the native OHC. This result and similar channel blocker sensitivities between these channels and OHC I K (24, 32, 42) led us to undertake verification of the channels' presence in OHCs. Our PCR amplification data suggest that Kv2.1 was the predominant form of Kv channel present in the OHC. Transcripts encoding this channel were present in all OHCs tested and moreover required only one round of amplification for detection. In contrast, Kv1.5 required two rounds of amplification and was present in only one cell of nine tested.
Extracellular Cl Ϫ modulates the transient outward K ϩ current (I to ) in rat ventricular myocytes (19, 21) . Replacement of Cl Ϫ with gluconate resulted in a leftward shift (Ϫ12 mV) of the steady-state inactivation curve (19) , which was comparable to an OHC I K shift of Ϫ8 mV. Interestingly, both Kv4.2 and Kv4.3 contribute to cardiac I to , and, although we did not have these constructs available to us to test for Cl Ϫ effects, we did detect transcripts for these channels in OHCs with RT-PCR, indicating that they may contribute to the Cl Ϫ -sensitive I K of OHCs.
Although expression level differences by PCR amplification in single cells may be difficult to quantify, the differences in detectability using PCR amplification between Kv2.1 and the other channels were extreme. The presence of the Kv2.1 transcript in all single cells tested, its detection with only one round of amplification, and the channel's similar Cl Ϫ sensitivity compared with that of OHC I K strongly suggest that Kv2.1 is the dominant contributor to the Cl Ϫ -dependent I K in OHCs.
